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The goal of inertial confinement fusion (ICF) is to implode a capsule filled with deuterium-tritium to a sufficient density and temperature for achieving thermonuclear ignition and energy gain [I]. In the indirect-drive option, a capsule is placed at the center of a hollow high-2 radiation enclosure or hohlraum which converts absorkd laser rays into x rays that ablate the outside of the fuel-filled capsule and drive an implosion. A necessary requirement for ignition of the fuel is that the x-ray flux symmetry have satisfactory uniformity to achieve a nearly symmetric implosion. The National Ignition Facility (NIF) [2] is planned to demonstrate ignition under hohlraum conditions where the RMS time-integrated flux nonuniformities are <28 for the 16 ns duration of the laser drive [3]. A further requirement on the flux symmetry is that timedependent asymmetry excursions not exceed 5-1W0 over any 3 ns interval in the drive [3]. Given these symmetry constraints on the NIF an experimental effort on the University of Rochester's Omega laser [4] is in place to diagnose and control hohlraum symmetry conditions as a prelude to the NIF.
Time-integrated x-ray symmetry control has been demonstrated on the Omega laser [SI using a NIF-like multicone geometry [Fig. 11. Twenty beams distributed over three cones (5, 5, 10) enter each end of the gold hohlraum through a laser-entrance-hole (LEH) at three distinct angles to the hohlraum symmetry axis: 6=21.4, 42, and 58.9". The laser eqergy of 0.35 1 nm wavelength is absorbed by the gold hohlraum walls and the eneqy is efficiently reradiated as a quasi-Planckian spectrum of x rays. Analysis and simulations show that high-spatial frequency x-ray drive variations are effectively smoothed as the radiation is transported from the hohlraum wall to the capsule surface. The degree of flux symmetrization improves as the hohlraum case-tcxapsule ratio is increased. but at the expense of nduced energy absortwd by the capsule. The baseline NIF target design uses a hohlraum case-to-capsule ratio of 2.5 and delivers 150 kJ of -energy to the capsule compared to I .8 MJ of availahle l a w energy [ 3 ] . For such a moderate casc-to-capsule ratio low spatial-frequency drive variations are not effectively smoothed by radiation transport alone and alternative methods must be implemented. The symmetry-control techniques envisioned for the NIF include ( I ) using multiple beam cones per side. (2) using hohlraum gasfills to limit the spatial excursions of the laser absorption regions or "hot spots", ( 3 ) changing the relative power (via "beam phasing") between the inner and outer laser cones for dynamic symmetry control. and (4) using high-Z mixtures in the hohlraum wall for reducing the x-ray emissivity contrast between the unirradiated wall and the laser hot spots [6] .
The hohlraum symmetry effort on Omega has focussed to date on meeting the required symmetry criteria for a NIF-like case-to-capsule ratio by exploiting the first technique, Le., use of the multicone geometry [5, 7] . Recent studies have confirmed a large improvement in capsule performance on Omega for moderate convergence ( =9) indirectly-driven capsules [8] compared to its 10 beam, single-cone predecessorthe Nova laser [9] . Here. we define convergence as the initial fuel radius divided by the imploded fuel radius.
A useful figure-crf-merit for implosion performance is the ratio of the measured primary Figure 1 shows the Omega hohlraum geometry used for our high-convergence implosion studies.
The "scale-1" thinwall gold hohlraums were 2400 p m long with a radius of 800 p m and 600 pni radii LEHs. The hohlraum wall consisted of 2 pm of Au overcoated with 50 p m of epoxy to accommodate noninvasive x-ray imaging of the fuel-pusher region at peak x-ray emission. The laser beams were positioned along the hohlraum symmetry axis to give the best time-integrated lowest-order flux symmetry at the capsule. The capsule was a CH (plastic) shell of nominal 30 pm thickness and inner radius of 220 pm. The shell is doped with 1% Ge to mitigate volumetric x-ray preheat above the n=2 bound-free absorption edge of Ge (. 1.2 keV). Deuterium (DJ is used as the fuel fill and the convergences are varied by adjusting thk room temperature fuel pressure between 5 and 50 atm. Masured peak x-ray emission times from the imploded core provide a further check on the hohlraum drive. Figure 3 shows a comparison of the measured and simulated peak x-ray emission times for the three capsule types. The good agreement verifies that the hohlraum drive is properly modeled in the calculations which is a prerequisite for reliably simulating implosion performance. The traditionul figure-of-merit for modeling ICF implosion performance is the ratio of obxrvtxl primary (DD) neutron yield to the simulated DD neutron yield. Figure 4(a) shows the mtmured DD neutron yiclds, normalized to calculated clean DD neutron yields from two-dimensional (2D) integrated bohlrauni simulations [19] . versus the measured fuel convergence. The convergence is inferred from the ratio of secondary (DT) neutron yield. as recorded by a time-resolved neutron sensitive scintillator array -Medusa I: I 1 J. to the DD neutrcrn yield. Specifically, the meawred DT/DD neutron ratio determines the fuel areal density <pR> and hence, by conservation of fuel mass, the Convergence through use of a "hot spot" model [I21 and accounting for triton slowing in a 1 keV plasma. The hot spot model assumes that all primary reaction products are created at the center of a spherical fuel volume with uniform temperature and density. and the resulting spectrum of modes is summed in quadrature to generate a time-varying mix region. The yield degradation in a ID simulation with a dynamic mix layer is then multiplicatively applied to a clean 2D integrated hohlrauni simulation prediction to estimate the combined effect of mix and intrinsic radiation asymmetry on DD neutron performance. Figure 4(b) shows the result of this procedure applied to the three types of capsule. The performance of the low convergence targets matches well the predicted DD neutron yields according to our pre4cription for degradation from mix and flux asymmetry. Other sources of c dcgradadon such as long-wavelengh capsule nonuniformitics and random tlux asymmetry from laser power imbalances exist but are estimated to contribute less than 10% in total. For the higher convergence targets Fig. 4(b) shows that only a 20-308 margin for yield degradation is left. Here, the effects of a plausible 0.5 pm Y= I shell thickness variation alone can contribute a 20% degradation in yield [2 11-Multiple 4-6 keV x-ray images of the imploded cores were obtained using an amy of 5 pni pinholes and 70 ps resolution framing camem. Figure 5(a) shows the comparison between the masured and expected 50% self-emission contour sizes for fuel Bremsstrahlung x rays. This contour correlates well with the fuel-pusher interface for the higher convergence capsules. Le., 5 and 10 arm Dz-fiII, according to the simulations. For the lowest convergence capsules, i.e.. 50 atm D2-fill, the core conditions are ( 2 . W less isothermal, giving more localized emission at the core and a less reliable indicator of fuel size based on a 50% x-rdy self-emission contour. A lower intensity contour could be chosen to better match the location of the fuel-pusher interface, but such an exercise is intrinsically modeldependent and illustrates the disadavantage of inferring a fuel convergence from x-ray core imaging alone [ 14,221. 
